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FOREWORD 


Opinions,  interpretations,  conclusions,  and  reoomnendations  are  those  of  the 
author  and  are  not  necessarily  endorsed  by  the  U.S.  Amy 


Where  copyric^ited  material  is  quoted,  permissicai  has  been  obtained  to 
use  such  mater  ied. 


Where  material  documents  designated  for  limited  distributicxi  is 
quoted,  permission  has  been  obtedned  to  use  the  material 


_  Citaticns  of  cxmnercial  organizations  and  trade  names  in  this  report 

do  not  constitute  an  official  Department  of  the  Amy  endorsenent  or 
a^roval  of  the  products  or  services  of  these  carganizations. 


In  conducting  research  using  animals,  the  investigator (s)  adhered  to 
the  "Gkiide  for  the  Care  and  Use  of  laboratory  Animals",  prepared  by 
the  Ocnmittee  on  Care  and  Use  of  laboratory  Animals  of  the  Institute 
of  labcsratory  Animal  Resources,  National  Research  Council  (NIH 
Riblication  No.  86-23,  Revised  1985). 


For  the  protection  of  human  subjects,  the  inve8tigator(s)  have  adhered 
to  policies  of  e^licable  Federal  Law  45CfR46. 


% _  In  conducting  research  utilizing  recombinant  CMA  technology,  the 

investigator  (s)  adhered  to  current  guicielines  prcnulgated  by  the 
NaticxeUL  Institutes  of  Health. 


Rubina  J.  Patel,  Ih.D. 
Principal  Investigator 


Date 
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IMIRDDUCnON 


Nature  of  the  Prcblem 

Mycobacterium  eivium  and  1$.  intraoellulare  (also  known  as  the  M.  avium 
ocqplex  or  MAC)  are  the  etiologic  agents  of  the  most  ocmnon  systemic  bacterial 
infections  in  patients  with  the  Acquired  Ijanunodeficiency  Synchxme  (AIDS)  (8, 
13,  20,  30) .  'I\]berculo6is  also  remains  a  major  health  prcblem  in  urban  areas 
in  the  U.S.  as  well  as  in  developing  countries.  Althou^  treatment  for  H. 
avium/M.  intraoellulare  infections  is  usu2dly  disappointing  (20,  30) ,  effective 
chemotherapy  is  an/ailable  for  tuberculosis;  however,  efficient  patient 
managanent  and  control  of  transmission  (9)  are  ocnprcmised  by  inadequacies  in 
current  laboratory  techniques  resulting  in  a  delay  of  six  to  eic^  weeks  before 
a  definitive  disgnosis,  i.e. ,  demonstration  and  ^)eciation  of  acid-fast  bacilli 
(AIB)  can  be  aoocnplished.  Ihe  recent  outbreak  of  drug-resistant  tuberculosis 
makes  the  need  for  repid  identification  even  more  acute. 

Althcu^  relatively  small  numbers  of  bacilli  may  be  detected  by  microscopy 
(32) ,  mycobacterial  species  cannot  be  differentiated  by  morphology  alone. 
Specimens  containing  acid-fast  microorganisms  must  be  cultured  for 
differentiation  by  criteria  such  as  growth  rate,  colony  morphology,  biochemical 
and  drug  susceptibility  tests  (35) .  Since  mycobacteria,  especially  M. 
tuberculosis,  are  rather  difficult  to  culture  and  have  a  ge:)eration  timf*  of  15 
to  20  hours  (36) ,  biochemical  Identification  can  take  rp  to  ei^t  weeks. 
Specific  and  rapid  detection  of  {?•  tuberculosis  and/ar  Jf.  avium,  directly  fixm 
bo^  fluids  or  tissue  biopsies,  would  eliminate  the  lengtt^  and  labor-intensive 
methods  of  standard  myoobacteriology  and  allow  implementation  of  appropriate 
treatment  almost  iinnediately. 


Background  of  Previous  Work 

In  recent  years,  several  groips  have  proposed  methods  to  shorten  the  time 
necessary  for  ^)ecific  identification.  Ihese  methods  include  a  very  rich 
medium  (BACTEX:),  microsoopy  (1,  21)  antigen  and/ar  antiboc^  assays  (13,  27,  28, 
34) ,  differentiation  at  the  ENA  level  using  restriction  ftagment  length 
polymorphism  (RFIP's)  (4,  5,  13,  14),  h^oridization  with  DMA  probes,  and 
amplification  of  target  ENA  (2,  3,  6,  7,  12,  13-15,  22,  25,  26,  29,  31,  33,  37, 
38,  39) .  Althou^  these  epproemhes  have  shown  premise,  their  routine 
2pplication  has  been  hampered  by  one  or  more  of  the  following  limitations:  (i) 
rai^oactive  detection  requiring  j^)ecial  safety  aid  waste  handling  procedures, 
(ii)  low  ^lecificity  aneVor  sensitivity  of  the  assay,  (iii)  necessity  for 
culturing  the  organisms,  and  (iv)  elaborate  methods  of  extracting  ENVI^* 

Patel  and  Fries  (  10,  11,  23,  24)  described  methods  to  circumvent  these 
problems.  Oonbining  the  polymerase  ohadn  reacticmi  (POR)  and  ENA  probes,  it  was 
possible  to  detect  and  correctly  identify  mycobacteria  from  frozen  stook 
cultures,  log-phase  liquid  cultures,  and  patient  specimens  cultured  on  solid 
medium. 
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Purpose  of  the  Present  Vfcack 

Die  goEds  of  this  work  were:  (i)  to  verify  the  ^jecificil^  and  the 
sensitivity  of  the  assay  developed  by  I^tel  and  Fries,  and  (ii)  apply  it  to 
patient  specimens,  especially  those  fran  mv  positive  individuals,  for  repid 
identification  of  nyoobacteria. 


Methods  of  ^proacii 

Small  edlquots  of  processed  patient  ^)ecimaTS  that  had  been  iised  to 
inoculate  various  media  were  obtcdned  from  the  Myxbacteriology  laboratory  at 
WRAMC.  Tag  polymerase,  the  Expropriate  primers,  and  10  ul  of  the  patient 
sanple  were  added  to  core  reagents  aliguoted  into  PCR  tubes.  Anplification  of 
mycobacterial  ENA  was  carried  out  in  a  Pericin-Elmer  Thermal  ENA  Cycler. 
One-tenth  of  each  reaction  was  run  on  an  Etgarose  gel,  stained  with  ethidium 
brcndde,  and  transferred  to  a  nylon  maibrane  by  vacuum.  After  hybridizatic^ 
with  the  digaxigenin-labelled  probe,  results  were  recorded  on  X-ray  film  by 

r»igmniimiiv»grv»nnft. 
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BCX» 


Experimartal  Methods 

Patient  specimens,  small  ediquots  of  '’sediments"  vAiich  had  been  iised  far 
smears  and  cailtures  at  the  Mycxiaacteriology  Laboratory,  Walter  Reed  Army 
Mediced  Oaiter  were  cbt2dned  and  stared  at  -70‘C.  and  then  processed  with  the 
genus-,  1$.  avium-  and  {f.  tuberculosis-  specific  primers  and  probes. 

Primers  and  PTobes.  Primers  detailed  in  Patel  (23)  and  Fries  (10)  were 
synthesized  in-house  on  an  ^plied  Biosystems  CMA  synthesizer  Model  380B.  From 
published  sequences  of  recombinant  nyocbacterial  EKA,  30-  and  50-base 
oligonucleotides  were  synthesized  for  use  as  probes. 

Anplificatim  nf  taroRfh  usino  ix)lvraerase  chain  reaction  fPCR^ .  Fifty  ml  of 
reaction  mix  (50  nfl  RCL,  10  nM  Tris-fid,  pH  8.4,  1.5  nM  1^0.2,  0.01%  gelatin, 
and  0.2  nif  dAdP,  dCTP,  dGTP,  dITP)  were  mixed  thorou^iLy  and  pipetted  into  PGR 
tubes  (Perjun-Elmer  C3etus,  Norwalk,  CT)  in  88-ul  ediquots.  The  tubes  were 
stored  at  -70*C  until  required.  To  the  mivips  thawed  on  ice  were  3.5  u 

Tag  ^lymerase,  primers  to  1  nM,  and  10  vH  of  the  sediment.  Negative  controls 
consisted  of  tObes  %Aierein  one  of  the  criticed  recigents  was  missing.  Cl 
oontedned  no  tenplate  ENA,  C2  no  primers,  and  C3  no  Tag  polymerase.  Positive 
controls  C4  and  C5  had  100  ng  of  purified  ENA  from  the  type  strains  of  1$. 
tuberculosis  (ATGC  27294)  or  tf.  avium  (ATO:  25291} ,  respectively.  The  tubes 
were  loaded  on  a  Perkin-Elmer  Oetus  ENA  Thermal  c^er  for  25  to  35  cycles  of 
denaturation  at  94 *C  for  1  minute,  annealing  at  55*C  for  2  minutes,  and 
synthesis  at  72*C  for  3  minutes.  Ttbes  were  stored  at  4”C,  and  as  much  mineral 
oil  as  possible  was  removed. 

Analysis  of  anolification  reactiCTis.  One-tenth  of  the  reaction  volume  was  run 
on  1.8%  agarose  gels  in  IX  Tris-Borate-EETA  (TBE)  buffer  (0.089  M  Tris,  0.089  M 
boric  acid,  0.002  M  EDIA,  pH  8.0)  for  2.5  h  at  100  V.  After  staining  with  0.5 
ug/ml  ethidium  bromide,  PCR  prodix±s  were  photogrephed  with  Polaroid  667  under 
ultraviolet  li^t. 

Southern  transfer  and  hybridization,  initially  ENA  was  transferred  from 
agarose  gels  by  capillary  action  overnight  (24) .  In  later  eaperiments  a 
Bio-Rad  Model  785  vacuum  blotter  was  used  with  a  transfer  time  of  90  minutes 
(18) .  Oligonucleotide,  synthesized  probes  were  3*  end-labeled  with 
dig^genin-ll-dUTP  (Bo^iringrer  Mannheim  Biochemicals)  according  to  the 
manufacturer's  pxtoools.  H^jdlll-  and  Haelli-dioest^  lambda  and  phiX174  RF 
ENA,  re^)ectively,  were  labeled  with  digoxigenin-ll-cSTrP  by  random-priming. 
Hybridization  was  carried  out  as  described  by  Tavar  et  al.  (18) . 

Tissue  sanples.  Eight  blocks  of  paraffin  embedded  tissue  suspected  of 
nycobacterial  infection  were  submitted  for  anedysis  by  PCR  and  ENA  probes. 
Sources  of  the  materied  were:  mycobacterial  synovitis  of  the  wrist  (two 
blocks) ,  an  AIDS  patient  with  dual  infection  (two  blocks) ,  an  armadillo  and  a 
dog. 
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Tissue  prooessincf.  Each  paraffin  block  was  processed  as  described  by  lexer  et 
2d.  (17)  with  the  following  modifications.  From  each  sanple,  six  6  UM-thick 
sections  were  cut  on  a  microtome;  two  sections  were  placed  in  each  of  three 
1.5  ul  microoentrifuge  tubes.  Sections  were  depaiaffinized  in  two  changes  of 
500  ul  Selene  at  room  taiperature  and  centrifuged  at  12,000  x  g  for  5  minutes. 
The  3^1^18  was  discarded  and  the  sections  were  rinsed  in  absolvite  ethanol  for 
one  minute.  Sections  were  rehydrated  in  95%  and  70%  ethanol  for  one  minute 
each,  followed  by  oentrifugaticn  at  12,000  x  g  after  each  rinse.  All  sqpemate 
was  removed,  the  sanples  were  dried  under  vacuum,  th^  resuspended  in  240  ul  of 
digestion  buffer,  50  sM  Tris-fiCl,  pH  8.0,  1  mM  CaCl,  30  id  Proteinase  K 
(20mg/ml)  and  incubated  at  55 *C  for  2  hours.  Following  incubation,  the  sanple 
was  boiled  for  10  mins  to  denature  the  Proteinase  K  and  then  cooled  on  ice. 

Ten  ul  of  the  sanple  were  added  to  PCR  tubes  for  anplificaticn  with  the  genus-, 
If.  avium-  and  1$.  tuberculosis-specific  primers  as  described  above. 


Results 

Anaiygig  of  laboratory  specimens.  For  ary  given  set  of  reacticns,  no  results 
were  acceptable  unless  the  negative  control  lanes  were  clear  in  both  the  gel 
and  lumigram  and  the  positive  control  lanes  showed  the  characteristic  321-bp 
band  with  the  genus-^)ecific  primers,  95-hp  band  with  U-  avium  primers,  and 
400-bp  with  if.  tuberculosis  primers.  Background  on  lumigrams  (digoxigenin- 
labelled  prcbes)  had  to  be  oonparable  with  that  of  autoradiograms  (radioactive 
probes) . 

Bands  seal  in  the  gel  other  than  the  target  fragment  were  the  result  of 
non-^ieclflc  anpllfication.  Ihey  did  not  h^sridize  with  the  probes  althou^ 
two  or  three  distinct  bands  are  not  unusu2d.  with  the  U.  tuberculosis  probe 
since  it  was  derived  from  a  repeated  sequence.  In  sanple  lanes,  even  with  the 
occurrence  of  non-^jecific  anplificaticn,  either  there  was  the  characteristic 
band  or  the  lane  was  clear.  VSien  positive  signeds  were  seen  in  any  of  the 
negative  control  lanes  (usually  the  result  of  contamination  with  PCR  product) 
all  reagents  were  discarded  and  the  reactions  were  repeated.  Whereas  results 
of  culture  previously  were  obtained  after  six  to  ei^t  weeks,  results  of 
PGEVpz^’obe  assays  now  were  available  within  four  days. 

Results  of  the  85  patient  ^)ecimens  identified  by  microscopy,  culture,  and 
ENA  probes  are  presented  in  Appendix  1.  All  specimens  that  were  positive  by 
microBcopy  were  positive  culture;  all  ^lecimens  that  were  positive  lny 
culture  were  positive  by  PCIVprobes.  Three  sanples  positive  by  microscopy  and 
culture  for  {$.  qordcnae  (a  oonracn  environmental  contaminant)  were  negative  tiy 
Chi-square  analysis  (Figure  1)  showed  that  10  more  sanples  were 
positive  by  PdVprcbes  than  culture  alone  —  an  increase  of  12%. 

Tissue  samples.  Debits  occurrenoe  of  non-^»cific  anplificaticn  in  seme  of 
the  sanples,  no  hybridization  was  seen  if  nycxbacterieil  ENA  was  not  present. 
Three  of  the  sanples  (from  the  AIDS  patient  and  the  dc3g)  were  penitive  for 
nyoobacteried  disease,  possibly  M.  avium.  Results  with  the  £{.  tuberculcnis 
probe  are  unexLear  at  this  time. 


Culture 


FIG.  1.  Comparison  of  mycobacterial  identification  by  culture 
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Inplicatlons  of  CXirrent  Research 

Ihus  far  identificaticn  by  PCR  and  CMA  probes  of  nycxiibacteria  in  specimens 
from  the  Myoobacteriology  laboratory  is  similar^  if  not  better  than,  microscopy 
and  culture;  however,  many  more  samples  han/e  to  be  processed  before  any 
unequivoccd  oonclusicns  may  be  me^. 

Regarding  the  three  samples  positive  by  microscopy  and  culture  for  1$. 
oordonae  (a  ocninan  environmental  oonbaminant)  either  there  was  contamination 
during  preparation  of  the  smears  and  inocula,  or  our  assay  did  not  have  the 
requisite  level  of  detection. 

Results  with  the  tissue  samples  are  enoourgaging  but  clearly  the  protocol 
has  to  be  modified  for  optimal  detection,  e^iecially  in  the  case  of  small 
nunobers  of  organisms. 

B/  using  both  reccnbinant  ENA  technology  and  non-radioctive  techniques, 
results  are  av2dlable  within  four  days,  an  improvement  over  the  six  to  eight 
weeks  required  by  stanclard  methodology. 

In  summary: 

(1)  It  is  possible  to  identify  mycobacteria  directly  from  patient 
^lecimens  without  having  to  culture  the  organisms. 

(2)  Samples  may  be  stored  for  at  least  two  years,  but  freeze-thawing  is 
not  reocmnended. 

(3)  No  special  safety  measures  for  personnel  or  radioactive  waste  are 
required. 

(4)  under  optimal  conditions,  unequivocal  results  are  available  within 
four  days. 

(4)  Ihis  approach  may  limit  possible  contamination  with  environmental 
mycobacteria. 

(5)  Ihe  procedure  does  not  require  prior  training  in  molecular  biology; 
however,  a  oonoentrated  effort  and  attention  to  detail  is  essential. 


Reconmendations 

Ihe  following  modifications  in  current  conditions  etre  necessary  to  obtain 
optimal  results: 

(1)  Two  work  areas,  pre-  and  post-PCR,  strongly  reocmnended  by  Perkin 
Elmer-Cetus  (patent  holder  and  consultants  for  PCR  technology)  should 
be  made  and  adhered  to  rather  strictly  to  minimize  or  eliminate 
contamination  with  genomic  ENA  or  PCR  product. 

(2)  All  equipment  used  for  PCR  should  be  serviced  regularly  by  the 
authorized  agent  (s) . 

(2)  Overall  detection  can  be  maximized  by  varying  the  concentration  of 
reagaits  and  polymerase,  and  modifying  the  anneeiling  temperature. 

(3)  Improve  detection  of  organisms  in  paraffin-embedded  tissue  by  amending 
protocol  for  maximum  exposure  of  mycobacteried  ENA. 
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Since  many  avium  or  M.  intraoellulare  infectiois  are  detected  hy  blood 
culture,  an  assay  reducing  hane  to  <1%  without  e»:essive  diluticsi  of  the  sample 
would  be  extremely  viseful. 

Ihe  Icwest  level  of  detecticai  vising  digoxigenin-labelled  probes  should  be 
determined  by  spiking  patient  ^^ecimens  with  known  numbers  of  mycobacj^ia. 
sensitivity  should  then  be  ccnpared  with  that  of  radiolabelled  or 
probes. 
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APPENDIX  1 

SF0C3MENS  FRCH  MYOOBACTERIOIiDGY  lABOKATOR^ 

1989 


WRAMC  No. 

Source 

Smear 

Culture 

Genus 

M. 

M. 

1684 

^xitum 

neg 

neg 

pos 

neg 

1685 

^Mtum 

neg 

neg 

pos 

neg 

1686 

B  A  L* 

neg 

neg 

pos 

neg 

1687 

urine 

neg 

neg 

neg 

neg 

1690 

ascites  fliiid 

neg 

neg 

pos 

neg 

1693 

biop^ 

neg 

neg 

pos 

neg 

1694 

B  A  L 

pos 

pos 

neg 

1695 

B  A  L 

pos 

M,  fortuitum 

pos 

neg 

1698 

sputum 

neg 

neg 

pos 

neg 

1699 

lung  swab 

pos 

M.  tuberculosis 

pos 

neg 

1700 

biopsy 

neg 

neg 

pos 

neg 

1701 

aVignagig 

neg 

neg 

neg 

neg 

1702 

B  A  L 

neg 

neg 

pos 

neg 

*B  A  L  =  bronchial  alveolar  lavage 
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^pendix  1 


WRAMC  No. 

Souxx:» 

Smear 

Culture 

Genus 

11.  ay 

M.  tb 

1703 

R  max  sinus 

pos 

pos 

neg 

1704 

L  max  sinus 

pos 

M.  oortkxiae 
ocnf.  by  Gen-Probe 

neg 

neg 

1709 

iirine 

neg 

neg 

pos 

neg 

1710 

sputxnn  (5  July) 

neg 

neg 

pos 

neg 

1711 

t 

VO 

neg 

neg 

pos 

neg 

1712 

B  A  L 

neg 

neg 

neg 

neg 

1722 

B  A  L 

neg 

neg 

neg 

neg 

1723 

B  A  L 

neg 

neg 

neg 

neg 

1724 

branchial 

brush 

neg 

neg 

neg 

neg 

1725 

sputum 

neg 

neg 

neg 

neg 

1729 

foot 

neg 

neg 

neg 

neg 

1730 

stool 

neg 

neg 

neg 

neg 

1734 

urine 

neg 

neg 

neg 

neg 

1735 

urine 

neg 

neg 

neg 

neg 

1736 

B  A  L 

neg 

neg 

neg 

neg 

1737 

sputum 

neg 

neg 

neg 

neg 
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^pendix  1 


WRAMC  No. 

Source 

Smear 

culture 

Genus 

U.  §S£ 

M.  ^ 

1738 

B  A  L 

neg 

neg 

neg 

neg 

1739 

stool 

neg 

neg 

neg 

neg 

1743 

urine 

neg 

neg 

neg 

neg 

1744 

urine 

neg 

neg 

neg 

neg 

1746 

sputum 

neg 

neg 

neg 

neg 

1749 

sputum 

neg 

neg 

neg 

neg 

1750 

sputum 

pos 

Ml  avium  by  Gen-P** 

neg 

neg 

1751 

urine 

neg 

neg 

neg 

neg 

1752 

skin  lesicn 

neg 

neg 

neg 

neg 

1753 

L  finger 
tissue 

neg 

neg 

neg 

neg 

1757 

urine 

neg 

neg 

neg 

neg 

1758 

i^utum 

neg 

neg 

neg 

neg 

1759 

finger 

tisuue 

neg 

neg 

neg 

neg 

1761 

^xitum 

neg 

neg 

neg 

neg 

1763 

sputum 

neg 

neg 

neg 

neg 

1764 

^xitum 

neg 

neg 

neg 

neg 
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Appendix  1 


WRAMC  No. 

Souroe 

Smear 

Culture 

Genus 

M.  av 

M.  ^ 

1765 

sputum 

neg 

neg 

neg 

neg 

1766 

^xitum 

neg 

neg 

neg 

neg 

1767 

urine 

neg 

neg 

neg 

neg 

1768 

urine 

neg 

neg 

neg 

neg 

1769 

urine 

neg 

neg 

neg 

neg 

1770 

urine 

neg 

neg 

neg 

neg 

1773 

pleural  fluid 

neg 

neg 

neg 

neg 

1776 

C  S  F* 

neg 

neg 

neg 

neg 

1781 

sputum 

neg 

neg 

neg 

neg 

1782 

^jutum 

neg 

neg 

neg 

neg 

1783 

^utum 

neg 

neg 

neg 

neg 

1784 

sputum 

neg 

neg 

neg 

neg 

1785 

stool 

neg 

neg 

neg 

neg 

1786 

bene  tissue 

neg 

neg 

neg 

neg 

1787 

C  S  F 

neg 

neg 

pos 

pos 

*C  S  F  »  oerebro^ined  fluid 
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i^ipendix  1 


WRAMC  Nb. 

Souroe 

Smear 

Culture 

Genus 

M.  ay 

M.  tb 

1789 

^jutum 

neg 

neg 

neg 

neg 

1803 

paratraciieal 

mass 

neg 

neg 

neg 

neg 

1804 

B  A  L 

neg 

neg 

neg 

neg 

1805 

sputum 

neg 

neg 

neg 

neg 

1806 

^Mtum 

neg 

neg 

neg 

neg 

1807 

sputum 

neg 

neg 

neg 

neg 

1808 

qjutum 

neg 

neg 

neg 

neg 

1809 

^xitum 
(10  July) 

neg 

neg 

neg 

neg 

1810 

^xitum 
(11  July) 

neg 

neg 

neg 

neg 

1811 

sputum 
(12  July) 

neg 

neg 

neg 

neg 

1813 

urine 

neg 

neg 

neg 

neg 

1814 

peritoneal 

fluid 

neg 

neg 

neg 

neg 

1815 

C  S  F 

neg 

neg 

neg 

neg 

1817 

C  S  F 

neg 

neg 

po6 

pos 

1821 

sputum 

neg 

neg 

neg 

neg 

1822 

Efutum 

neg 

neg 

neg 

neg 
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J^fiendix  1 


WRAMC  No 

.  Souroe 

Smear 

Culture 

Genus 

M.  av 

M.  to 

1823 

^xitum 

neg 

neg 

neg 

neg 

1824 

^xitum 

neg 

neg 

neg 

neg 

1825 

^utum 

neg 

neg 

neg 

neg 

1832 

virine 

neg 

neg 

neg 

neg 

1833 

sputum 

neg 

neg 

neg 

neg 

1834 

sputum 

pos 

Hl  gordonae 

neg 

neg 

1835 

sputum 

neg 

neg 

neg 

neg 

1836 

tissue 

neg 

neg 

neg 

neg 

1837 

^xitum 

neg 

neg 

neg 

neg 

